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Abstract
Listeria monocytogenes is an important foodborne pathogen that primarily affects pregnant women, neonates, the elderly 
and immune-compromised individuals, and it may cause abortion, septicemia, and meningitis. From the 13 capsular 
groups described, serotypes 4b, 1/2b and 1/2a are most closely related to human infection. For this reason, serotyping 
has limited value as an epidemiological tool; thus, improved discriminatory typing methods are required to enhance 
knowledge of L. monocytogenes contamination and infection. The aim of this study was to characterize the genetic diversity 
of L. monocytogenes isolates in the pork processing industry in Sao Paulo, Brazil and human infection isolates by ERIC-
PCR and single enzyme AFLP. Serotypes 1/2c and 4b were frequent among isolates from pork and slaughterhouse/market 
environments, whereas serotypes 4b and 1/2a were observed among human isolates. ERIC-PCR and AFLP revealed 34 
and 31 distinct profiles, respectively, which had tendencies of separation according to serogroup and isolate origin. The 
genetic profiles from slaughterhouse and market environments suggest the possibility of different sources of Listeria 
contamination in the environment, although in certain cases, continuous contamination caused by the persistence of 
clonal strains is also a possibility.
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Resumo
Listeria monocytogenes é um importante patógeno de origem alimentar que afeta principalmente grávidas, neonatos, 
idosos e indivíduos imunocomprometidos, e pode causar abortamento, septicemia e meningite. Dos 13 grupos capsulares 
descritos, os sorotipos 4b, 1/2b e 1/2a são os mais relacionados à infecção humana. Por esta razão, a sorotipagem 
possui valor limitado como ferramenta epidemiológica e, dessa forma, métodos mais discriminatórios são necessários 
para melhorar o conhecimento sobre a contaminação e a infecção por L. monocytogenes. O objetivo deste estudo foi 
caracterizar a diversidade genética de isolados de L. monocytogenes da indústria de processamento de carne suína no 
Estado de São Paulo, Brasil, e compará-los a isolados de casos de infecção humana através do ERIC-PCR e AFLP com 
uma única enzima. Os sorotipos 1/2c e 4b foram frequentes em carne suína e ambientes de abatedouros e mercados, 
enquanto os sorotipos 4b e 1/2a foram observados nos isolados de humanos. ERIC-PCR e AFLP resultaram em 34 e 31 
perfis distintos, respectivamente, com uma tendência a separar de acordo com o sorogrupo e a origem do isolado. Os perfis 
genéticos de ambiente dos abatedouros e mercados sugerem a possibilidade de diferentes origens de contaminação por 
Listeria nos ambientes estudados, porém, em alguns casos, é possível que ocorra a persistência de cepas clonais causando 
contaminação contínua.
Palavras-chave: Listeria monocytogenes. Saúde pública. ERIC-PCR. AFLP.
Introduction
Listeria monocytogenes has been considered an 
important foodborne pathogen since the 1980s when 
the bacterium was suspected to be responsible for 
serious widespread outbreaks of human listeriosis in 
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North America and Europe1,2. L. monocytogenes is a 
non-sporulated, gram-positive rod that can infect 
humans and animals3 and is considered a troublesome 
agent for the food industry due to its ability to grow 
at low temperatures, adhere to various contact 
surfaces, and adapt to disinfectants4. The major 
clinical symptoms of human listeriosis are abortion, 
septicemia, and meningitis, and it primarily affects 
pregnant women, neonates, the elderly and immune-
compromised individuals1.
Thirteen serotypes have been described for L. 
monocytogenes based on capsular antigens; serotypes 
4b, 1/2b and 1/2a are most frequently related to 
human infection1,5, with serotype 4b associated with 
epidemic outbreaks and serotypes 1/2a and 1/2b 
related to sporadic infections6. There have been 
reports of meningitis, abortion, neonatal infection 
and diarrhea caused by L. monocytogenes in different 
states of Brazil7,8. The serotypes isolated in the 
Brazilian territory from 1969 to 2000 were 4b, 1/2b, 
1/2a, 4a, 1/2c and 3a9. 
Listeria monocytogenes has been isolated from 
foods such as milk, dairy products, vegetables, 
sliced vacuum-packaged meat products, chicken, 
pork, fish, raw and processed meat, as well as the 
environment of the food processing industry, from 
the slaughterhouse to the processing and packaging 
rooms1,10,11,12. In Europe, the epidemiologic link 
between environmental, animal, food and human 
samples has already been established using 
molecular typing methods to compare samples 
from different origins10,11. 
In Brazil, L. monocytogenes has been isolated from 
dairy products, sausages, salami, chicken, shrimp and 
animal carcasses13,14,15,16,17. In the last two decades, a 
few studies in Brazil have compared isolates from 
food, animals and the food processing environment, 
employing molecular typing methods to find a 
possible epidemiological relationship between the 
sources16,18, although no study has compared these 
strains with human isolates. Therefore, the aim of 
this study was to characterize the genetic diversity of 
L. monocytogenes isolates from the pork processing 
industry in São Paulo, Brazil, and human infection 
isolates by Enterobacterial Repetitive Intergenic 
Consensus Sequences (ERIC-PCR) and single enzyme 
Amplified Fragment Length Polymorphism (AFLP).
Material and Methods
Bacterial strains
A total of 90 L. monocytogenes isolates were used 
in this study, 80 obtained from two slaughterhouse 
environments, pork pieces, and two meat markets 
located in São Paulo, Brazil, and 10 isolates from 
human infection. The environmental and pork samples 
originated from a total of 12 collections obtained 
between 2007 and 2008 in two lines of the pork 
processing industry (a slaughterhouse and its respective 
meat market) in São Paulo. Bacteria were isolated from 
swabs of slaughterhouse and market environment 
locations (wall, table, or floor) and pork fragments. The 
isolates were maintained at -80°C and stock medium 
was maintained at 24ºC until analysis. The isolates were 
reactivated from the stock medium in ALOA® medium 
(Biolife – Milano, Italy) at 37ºC for 48 hours. Colonies 
displaying characteristics of L. monocytogenes were 
maintained in BHI broth (Difco-BBL, Detroit, MI, USA) 
at 37ºC for 48 hours for DNA extraction. 
Serotyping
Serotyping was performed according to Seeliger 
and Höehne19, based on the detection of somatic 
and flagellar polyclonal antigens by the Laboratory 
of Bacterial Zoonosis, Institute Oswaldo Cruz/
FIOCRUZ, Rio de Janeiro, Brazil.
DNA isolation and PCR amplification 
Purified DNA was recovered using a DNA 
extraction protocol by Boom and Salimans20 following 
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enzymatic treatment for 60 minutes at 37°C with 10 
μg of lysozime (USBiological, Swampscott, MA, USA) 
and 400 μg of proteinase K (LGC Biotecnologia, São 
Paulo, Brazil); the purified DNA was subsequently 
stored at –20ºC. The strains were identified by PCR 
based on species-specific amplification of the hly gene, 
as described by Border et al.21. PCR was performed 
with 5 µl of extracted DNA, 50 pmol of each primer, 
4 mM of MgCl2, 0.2 mM of each deoxynucleoside 
triphosphate, 1 U of Taq DNA polymerase, 1X PCR 
buffer and water to a final volume of 25 µl. PCR was 
carried out with an initial denaturation at 94ºC for 4 
min, followed by 35 cycles consisting of denaturation 
for 1.5 min at 94°C, annealing for 1.5 min at 50°C, 
and extension for 2 min at 72°C, and a final extension 
of 72ºC for 5 min. The amplified products were 
stained with BlueGreen® (LGC Biotecnologia, São 
Paulo, Brazil) and separated by electrophoresis in a 
1.5% agarose gel. A 100 bp DNA ladder was used for 
molecular weight determinations.
Enterobacterial Repetitive Intergenic Consensus 
Sequences (ERIC-PCR)
ERIC-PCR was performed as previously described 
by Versalovic, Koeuth and  Lupski22 using 5 µl of the 
extracted DNA, 1.5 mM of MgCl2, 10 pmol of ERIC1 
(ATGTAAGCTCCTGGGGATTCAC) and ERIC2 
(AAGTAAGTGACTGGGGTGAGCG) primers, 1.0 
U of Taq DNA polymerase, 1X PCR buffer and water 
to a total volume of 50 µl. The PCR reaction was 
carried out for 35 cycles, consisting of denaturation 
for 4 min at 94°C, annealing for 60 sec at 50°C, and 
extension for 2.5 min at 72°C, with a final extension 
of 20 min at 72°C, as described by Rafiee et al.23. 
The amplification products were detected through 
electrophoresis at 57 V for 4 h in 2% UltraPure™ 
Agarose 1000 (Invitrogen Corporation, Carlsbad, 
CA, USA) gel, stained with Sybr Safe® (Invitrogen 
Corporation, Carlsbad, CA, USA). The 1 Kb Plus 
DNA Ladder® (Invitrogen Corporation, Carlsbad, CA, 
USA) was used as a molecular weight marker. 
Amplified Fragment Length Polymorphism (AFLP)
Restriction endonuclease digestion and ligation was 
performed using a modification of a described method24. 
To 10 μL of the extracted DNA, 24 U of Hind III (Invitrogen 
Corporation, Carlsbad, CA, USA) was added and brought 
to a final volume of 20 μL with ultra-pure water; this 
reaction was incubated overnight at 37°C. An aliquot of 
digested DNA (5 μL) was added to 0.2 μg of the adapter 
ADH1 and ADH2 oligonucleotides, along with 1 U of 
T4 DNA ligase (Invitrogen Corporation, Carlsbad, CA, 
USA) and ultra-pure water to a final volume of 20 μL; the 
reaction was incubated at room temperature for 3 hours. 
The ligated DNA was heated to 80°C for 10 min, and 5 
μL was used for each PCR reaction. The PCR reactions 
were performed in 50 μL volumes, each containing 5 μL of 
ligated DNA, 2.5 mM MgCl2, 30 pmol of primer (HI-G), 
and 1 U of Taq polymerase in 1X PCR buffer. The mixture 
was subjected to an initial denaturing step of 94°C for 4 
min, followed by 35 cycles consisting of 1 min at 94°C, 1 
min at 60°C, and 2.5 min at 72°C. The base sequences of 
the adapter (ADH1 e ADH2) and selective primer (HI-
G) were as follows: ADH1 - ACGGTATGCGACAG, 
ADH2 – AGCTCTGTCGCATA CCGTGAG, HI-G - 
GGTATGCGACAGAGCTTG. The electrophoresis was 
conducted on a 1.5% agarose gel at 22 V for 24 h. The 
amplified products were visualized with Blue Green® 
(LGC Biotecnologia, São Paulo, Brazil) staining and 
were compared to a 1 Kb Plus DNA Ladder® (Invitrogen 
Corporation, Carlsbad, CA, USA) 
Data analysis
ERIC-PCR and AFLP results were analyzed 
using the Dice coefficient by means of Bionumerics 
6.6 software (Applied Maths NV, Saint-Martens-
Latem, Belgium) to generate the dendrogram. The 
discriminatory index was calculated according to the 
method described by Hunter and Gaston25.
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Results
Serotyping
Serotype 4b was the most commonly isolated (37.7%), 
followed by 1/2c (31.1%), 1/2b (20.0%) and 1/2a (11.1%). 
Among isolates from pork and slaughterhouse/market 
environments, serotypes 4b and 1/2c were the most 
present, and serotypes 4b and 1/2a were more common 
among human isolates (Table 1). 
 
ERIC-PCR analysis
All 90 L. monocytogenes isolates were confirmed by 
PCR using primers for the hly gene by the presence 
of a 174 bp band fragment, as described by Border et 
al.21. All isolates were also examined and characterized 
with the ERIC-PCR technique. A visual comparison 
of the banding patterns revealed 34 distinct ERIC 
profiles, with DNA fragments ranging in sizes from 
200 to 3000 bp. ERIC patterns usually consisted of 
six to nine DNA fragments. The dendrogram (Figure 
1) resulted in two main groups, with 65% similarity. 
Group I comprised 37 isolates (profiles 1 to 12) from 
the market and slaughterhouses collected at different 
time points, and six human strains with serotypes 4b 
and 1/2b. Group II comprised 43 isolates, divided 
into 13 profiles, mainly with serotypes 1/2c, 1/2a, 
1/2b and 4b, originating from human, market and 
slaughterhouse environments.
AFLP analysis
All L. monocytogenes isolates were examined and 
characterized using AFLP. A visual comparison of the 
banding patterns revealed 31 distinct AFLP patterns, 
generally consisting of 9 to 17 DNA fragments (Figure 
2). The resulting dendrogram formed two main groups 
(I, II) with 39% similarity. Group I was composed of 
profiles 1 to 5, with isolates from slaughterhouses 
collected at different time points, mostly of serotype 
1/2c. Group II can be divided into three subgroups. 
Subgroup A consisted of AFLP patterns 6 to 12 and 
was predominantly of the slaughterhouse origin and 
serotype 1/2c. Subgroup B consisted of AFLP patterns 
13 to 22 and was predominantly serotype 1/2a and 
1/2b, with strains from slaughterhouse, market and 
human environments. Subgroup C consisted of AFLP 
patterns 23 to 31; the most frequent serotype was 4b, 
followed by 1/2b, with strains from slaughterhouse, 
market and human environments. In both groups B 
and C, there were human isolates dispersed with more 
than 90% similarity to environmental isolates from 
the slaughterhouse and the market.
Discriminatory power
The discriminatory indexes obtained for serotyping, 
ERIC-PCR and single enzyme AFLP were 0.75, 0.94 
and 0.95, respectively.
Discussion
All serotypes isolated in the present study (1/2a, 
1/2b, 1/2c and 4b) are considered to be among 
the most prevalent L. monocytogenes serotypes 
isolated from clinical infection and meat processing 
environments1,3. For this reason, serotyping has 
limited value as an epidemiological tool, and the low 
discriminatory index computed supports this fact. 
Therefore, improved discriminatory typing methods 
are required to enhance knowledge regarding 
Sample
Serotype
1/2a 1/2b 1/2c 4b Total
Environment/pork 6 (7.5%) 17 (21.25%) 28 (35%) 29 (36.25%) 80 (100%)
Human 4 (40.00%) 1 (10.00%) - 5 (50.00%) 10 (100%)
Total 10 (11.1%) 18 (20%) 28 (31.1%) 34 (37.7%) 90 (100%)
Table 1 - Frequency of Listeria monocytogenes serotypes in swine slaugtherhouses, pork 
samples and human cases – São Paulo - 2012
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Figure 1 - Dendrogram showing comparison of Listeria monocytogenes strains from human cases and 
swine slaughterhouses through ERIC-PCR
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Figure 2 - Dendrogram showing comparison of Listeria monocytogenes strains from human cases and 
swine slaughterhouses through AFLP
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L. monocytogenes contamination and infection. 
Molecular typing methods such as ribotyping, 
random amplification of polymorphic DNA (RAPD), 
multilocus enzyme electrophoresis (MEE), and 
pulsed-field electrophoresis have been applied to 
the epidemiologic study of L. monocytogenes from 
different origins, linking isolates from food to its 
processing environment11,16,18,26.
The ERIC-PCR technique has been previously 
applied to the epidemiologic study of L. monocytogenes 
from human, animal and food origins27,28. Jersek et al.28 
found that ERIC-PCR discriminated samples from 
different serotypes and clustered them according to 
their origin (human or animal) from food isolates. The 
ability to discriminate serotypes was also discussed 
by Harvey, Norwood and Gilmoura27, who described 
the possibility of using ERIC-PCR separate isolates 
into lineage I (serotypes 4b and 1/2b) and lineage 
II (serotypes 1/2a, 1/2c). However, the author had 
trouble with the interpretation of the ERIC profiles 
because of the occurrence of numerous faint bands. 
The AFLP technique has also been applied to the 
study of L. monocytogenes from different origins26,29, 
presenting satisfactory results in the differentiation 
of isolates between serotypes and sample origin, with 
higher discriminatory power than serotyping. The 
single enzyme variation of this technique, described 
first by McLauchlin et al.24, has been used for Listeria 
spp. genotyping, and has already been proven to be a 
useful tool for genotyping studies of many bacterial 
species, such as Clostridium perfringens, Pasteurella 
multocida and Erysipelothrix rhusiopathiae24,30,31.
In this study, both AFLP and ERIC-PCR were used 
to characterize L. monocytogenes strains isolated 
from human cases of listeriosis at different time 
periods, isolates from two slaughterhouses and their 
respective market environment, as well as pork 
from São Paulo, Brazil. These techniques presented 
a tendency to separate slaughterhouse isolates from 
market and pork isolates, with human strains of 
L. monocytogenes dispersed between them. These 
techniques also presented the tendency to separate 
isolates according to serotype, but they were not 
fully capable of discriminating strains in serogroup 
1/2 as profiles were found comprising isolates from 
serotypes 1/2a, 1/2b and 1/2c, with no discrimination 
of serogroups 1/2 and 4. The persistence of one profile 
among slaughterhouse environment isolates from 
successive time periods observed using ERIC and 
AFLP analysis suggests the possibility of persistent 
strains in the food processing environment, consistent 
with observations by Autio et al.26. The presence of 
similar profiles among isolates from slaughterhouses 
and their respective market environments and pork 
suggests that contamination with L. monocytogenes 
may start at the slaughterhouse and continue in the 
market, most likely carried by pork. On the other 
hand, different and exclusive profiles were also found 
according to isolate origins, thus suggesting different 
routes of contamination. These situations are observed 
among isolates from ERIC and AFLP patterns.
In European studies, the continuous contamination 
of food processing environments and final products 
(food) and subsequent human infection6,10,11 are 
well-established because most of the food processing 
industry is primarily a single physical structure, a fact 
that facilitates environmental contamination. In Brazil, 
the food processing industry is usually separated 
between the slaughterhouse and the processing plant 
facility, and most markets offer food processing 
services such as cutting, slicing and preparing meats 
and vegetables. This enables different origins and 
routes of contamination of the environment and food 
by L. monocytogenes, and finally, human infection. 
Conclusions
The present study determined that in the 
environments addressed, different contamination 
sources are present, although the possibility of 
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continuous contamination by persistent strains 
could not be excluded. More importantly, the 
existence of common ERIC and AFLP profiles among 
environmental and pork isolates and human infection 
strains demonstrates the high risk of listeriosis in the 
studied environment. Future studies are also required 
to enhance the knowledge of L. monocytogenes 
virulence and the ability of these environmental and 
food isolates to become pathogenic to humans. 
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